The use of supersaturated solutions for the percutaneous delivery of rooperol tetra-acetate by Pefile, S C et al.
,
THE USEOF SUPERSATURATEDSOLUTIONSFORTHE PERCUTANEOUS
DELIVERY OFROOPEROLTETRA.ACETATE
S.C.Pefile,J.M. HaighandE.W.Smith
SchoolofPhannaceuticalSciences,RhodesUniversity,Grahamstown6140,Sou~Africa
Introduction
A majorproblemencounteredin thetransdennal
deliveryof drogsis.theeffectivenessof thebarrier
systemimposedbythestratumcorneum.Toovercome
tberesistanceof theskintotheingressof exogenous
chemicals,nwnerousinnovativet chniquesrequiring
complexdeliverysystemshavebeenstudied[I].
Manyof thesesystemsattemptto alterthebarrier
potentialby the use of enhancertechnology.
Supersaturation,theo~erhand,is a simpleand
economicaltechniquewhichisnotintendedtomodify
thephysicalstructureorthechemicalcompositionf
thestratumcorneum,yetmayeffectivelydelivera
marlcedlygreatermassof drugtotheskinthanthat
achievedby the use of conventional,saturated
solutions[2].Supersaturatedsystemsmakeuseofthe
elevatedthermodynamica tivityof thepermeantin
*e deliveryvehicle,whichresultsinhigherfluxrates
acrossthecontactingmembraneby increasingthe
concenttationgradient[3]. The 'presentstudy
investigatedthepotentialfor usingsupersaturation
techniquesto transdenna1lydeliverrooperoltetra-
acetate(RTA), a lipophilic,cytotoxicagentwith
potentialforusein thetreatmentof solarkeratosis.
Thediffusioncharacteristicsof thedrogfroma 60%
propyleneglycollwatersupersaturatedsolutionacross
siliconemembraneandfull thicknessratskinwere
studiedusingFranzdiffusioncells.A comparisonwas
madeof thedrugdiffusionratesfroma saturated
systemand from supersaturatedsystemsprepared
withandwithoutanantinucleatinga ent.
MaterialsandMethods
The supersaturatedsolutionsusedin this study
werepreparedby a methoddescribedpreviously
[4].Supersaturatedsolutionsareinherentlyhighly
unstable because of the abnormally high
thermodynamicactivityof thesoluteand,hence,
undergorapidprecipitation.Thelongevityof these
solutionsmay be increasedby the additionof
polymerantinucleantsthatphysicallyhinderthe
approachof thesolutemoleculesin solutionand,
thereby,delay precipitation.For comparative
evaluation,supersaturatedsolutionsof RTA were
preparedin 60:40propyleneg1ycol:waterwithand
without0.1%sodiwncarboxymethylcellulose.The
membranesu edin thisin vitrodiffusionstudy
were polydimethylsiloxaneand clipped,full
thicknessabdominalskin of maleWistarrats,
mountedin Franzdiffusioncells.Evaporationof
solventfromthe..deliverysystemwaspreventedby
occlusionofthedonorchamberwithparafilm.The
receptorphaseusedin thispreliminarystudywas
60%ethanol,continuouslyagitatedat 30°C.At
regularintervals,500plaliquotsof the receptor
phasewerewithdrawnfromthedift'usioncellsand
thevolwnewasreplenishedwith freshreceptor
solvent.The concentrationf permeantin the
receptorsolutionaliquotwasassayedby an hplc
techniqued velopedinthislaboratory[5].Fromthe
analyticaldatatheaveragemassofRTA permeating
themembraneswascalculated.
Results
The resultsof theRTA permeationaredepictedin
Figures 1 and 2 as the cwnulativeamount
permeatingperunitareaof membrane.The results
for thesiliconedift'usionmembranearedepictedin
Figure 1 which clearlydemonstratethe superior
deliveryfromthesupersaturatedsystemswith and
withoutpolymer(A andB, respectively)comparedto
the saturatedsolution(C). For this experimental
systemthere is no significant differencein
permeationfromthesupersaturatedsolutionswith
andwithoutpolymer.
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Fig.l: Permeationexperimentswith silicone
membrane.A,B - Supersaturatedsolutionswithand
withoutpolymer,respectively;C - Saturatedsolhn.
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Thepermeationresultsfromtherat~ studiesare
depictedin Figure2.It is evidenthatpermeationis
approximatelytOO-foldlessthroughthisbiological
membranethanthroughsiliconemembraneforthe
supersaturateddeliveryvehicles.No permeantwas
detectedby the analyticalsystemusedfor the
saturateddelivery solution, emphasisingthe
competenceof thestratumcorneumbarrier.It is
interesting,also, that significantlyless drug
permeationwasdetectedfromthe supersaturated
solutioncontainingantinucleantpolymerthan
fromthesupersaturatedsolutionwithoutpolymer.
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Fig.2:Permeationexperimentswithfullthickness,
abdominalrat skin.A, B - Supersaturated
solutionswith andwithoutpolymer,respectively.
Nopermeationdetectedfromsaturatedsolution.
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Theseresultsarenotparalleledin thepermeation
systemusingratskinwheregreaterRTA permeation
was detectedfrom the supersaturatedsolution
without antinucleantthan from the solution
containingpolymer. It is suggestedthat the
precipitationretardationeffectsof the polymerin
thiscaseareovershadowedby otherparametersof
thepartitioninganddiffusionprocess.For example,
thepresenceofthepolymermayincreasetheaffinity
of the RTA for the deliveryvehicleand thereby
decreasethetendencyof thesolutetopartitionfrom
the solutioninto the rat skin. Alternatively,it is
possiblethatthepolymermayhavepartitionedinto
theskinandassistedin theformationof reservoir
bindingof theRTA in thestrataof theskin.Thus,
thepermeantmayhaveleftthedeliverysolutionbut
maynothavediffusedthroughto thereceptorfluid
of thecellbecauseof binding.Furtherinvestigation
is requiredto determinethe feasibilityof these
hypotheses. .
It is evidentfrom theseresultsthatthe inherent
barrierpropertiesof theskincanbeovercomebythe
useofsystemswithhighthermodynamica tivityand
good stability.Deliveryfrom saturatedsolutions
throughbiologicalmembranesappearsto be more
complexthan throughhomogeneousmembrane
systemswhich,yieldresultsmuchmorelike those
thatwouldbeexpected.Directcorrelationof results
frombiologicalandsynthetictestsystemswasnot
evidentin ~s study.If thesupersaturatedsystemis
tobeusefor therapeuticpurposes,thenit mustbe
designedin suchawayastopromotepartitioningof
druginto theskin anddiffusionthroughtheskin
strata.
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Discussion
Drugpermeationisdependentonpassivediffusion
and the thermodynamicactivityof the active
moietyin thedeliveryvehicle.Thepresenceof
highconcentrationsof RTA in solutionin the
supersaturatedsystems,with respectto the
saturatedsolution,enhancedpassivediffusionby
increasingthereleasepotentialof thedrugfrom
thesedeliveryvehiclesintothemembrane.With
boththemembranesthereis.significantdifference
in thediffusionof RTA fromthesupersaturated
systemscomparedtothesaturatedsolution.With
thepolymermembranethereis nodifferencein
permeationfromthesolutionswithandwithout
polymer'up to approximatelythree hours.
Thereafterthereseemstoslowerpermeationfrom
the solutionwithoutantinucleant,whichmay
suggestthatprecipitationftheRTA isincreasing.
It has been reportedthat contactof the
supersaturatedsolutionwiththemembraneand
surfacesofthepermeationdonorcellmayenhance
nucleationof thesolute.This effectwouldbe
presentin both the solutionmodestested.
However,theprogressionof theprecipitationin
thepolymer-containingsolutionmayhavebeen
retarded,resultingin higherconcentrationsof
RTA in solutionand correspondinglyhigher
permeationratesafterthreehours.
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